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DETERMINING COLOR MAPPINGS FOR A COLOR PRINTER 

BACKGROUND OF THE INVENTION 



Field Of The Invention 

The present invention relates to color 
printing, and in particular relates to a fast, 
iterative method for deriving a look-up table that 
represents the color mapping for a printer from 
device independent colors (such as a color in CIEXYZ 
or CIELAB color space) to a color in a device 
dependent color space (such as a color in CMY or 
CMYK color space) . 

Background Of The Invention 

In conventional computer systems that print 
color images on a color printer, the precise colors 
actually printed by the printer are calculated by 
the computer using a look-up table. Specifically, 
the look-up table is arranged as a three-dimensional 
grid of cells, with each entry in the grid 
representing printer colorant values (such as cyan, 



magenta, yellow and black colorant values) as a 
function of some desired color in a different 
(usually device independent) color space. Based on 
a desired color, the computer accesses the look-up 
5 table to determine the printer colorant values. For 

colors not stored exactly in the grid, interpolation 
is conventionally employed so as to determine the 
colorant values . 

Recently, there has been increased interest 

10 in producing printed color images with superior 

color fidelity, such that the printed image matches 
a displayed image or a scanned- in image. To 
accomplish color matching, it has become customary 
to employ a two-step procedure. In the first step, 

15 the scanned- in or displayed image, which typically 

is stored in device dependent color space such as 
RGB color space, is transformed into a device 
independent color space such as CIEXYZ or CIELAB 
color space. This first transformation allows for 

2 0 compensation and calibration of device dependent 

characteristics, such as phosphor spectral 
characteristics or spectral sensitivity 
characteristics of a scanner. In the second step, 
the device independent colors are transformed into 

2 5 printer device dependent colors, such as CMY or CMYK 

colors. This second transformation allows for 
compensation of printer characteristics. 

One difficulty with this approach is the 
determination of entries for the look-up table that 

3 0 gives the transformation from device independent 

colors to device dependent colors for the printer. 
In the past, this look-up table was derived once at 
the factory, based on empirical measurements of a 
wide variety of color patches printed at fixed 
3 5 colors in the device dependent color space. A 

single derivation of a look-up table, however, does 
not allow for post- factory compensation based on 



effects such as printer aging, selection of 
different inks with different spectral 
characteristics, selection of different print media, 
and other effects which change printout 
5 characteristics. Although it is possible to 

recalibrate the printer by printout of new color 
patches and by empirical measurement of the 
resulting device independent colors, it is still 
difficult, tedious and time consuming to derive a 
10 new printer look-up table, even though such 

derivation is ordinarily performed by a computer. 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide 
15 a fast iterative method for deriving a printer 

look-up table, with entries in the look-up table 
corresponding to device dependent colors as a 
function of device independent colors. 

The look-up table is derived from empirical 
2 0 measurements in device independent coordinates of 

predetermined device dependent color patches. The 
empirical measurements are preferably stored in a 
look-up table, with the look-up table commonly being 
referred to in the art as the "forward model". 

2 5 Accordingly, the look-up table that is derived by 

the present invention from the forward model look-up 
table will hereinafter be referred to as the 
"reverse model" look-up table. 

According to one aspect of the invention, 

3 0 to derive an entry in the reverse model look-up 

table based on a target color in device independent 
coordinates, a binary search of the forward model 
look-up table is performed so as to locate a cell 
that contains the device independent target color. 
3 5 The grid points that define the cell in the forward 

model look-up table are then identified, and entries 
from the grid points in the forward model look-up 



table are interpolated so as to obtain a device 
dependent color corresponding to the device 
independent target color. The device dependent 
color is thereafter stored at the grid point for the 
5 device independent target color of the reverse model 

look-up table. 

Preferably, interpolation according to the 
invention is tetrahedral so as to minimize color 
discontinuities and color gradient effects between 

10 adjacent cells of the forward model look-up table. 

It is also preferable to perform the binary 
search of the forward model look-up table with 
iterated steps that start from a starting color in 
device dependent color space. The iterated steps 

15 preferably include a division of the device 

independent color space into multiple regions 
defined by device independent colors corresponding 
to small variations from the starting color in 
device dependent color space, a determination of 

2 0 which of the multiple regions contains the device 

independent target color, and an update of the 
starting color based on which region contains the 
device independent target color. In particular, to 
determine which of the multiple regions contains the 

2 5 device independent target color, it is preferred to 

obtain dot products for each normal plane vector 
that defines the multiple regions with the vector 
that defines the difference between the target color 
and the device independent color corresponding to 

3 0 the starting color, and thereafter to determine the 

region in accordance with which of the dot products 
yields positive values and which yields negative 
values . 

Because the invention performs a binary 
3 5 search only for the purpose of locating the cell 

that contains the device independent target color, 
the binary search is quick and can be performed with 



relative ease. For example, in a situation where 
the forward model look-up table is a 9x9x9 uniform 
grid in CMY device dependent colors, the binary 
search can locate the cell for a device independent 
target color within about three and at most four 
iterations of the binary search. Moreover, since 
interpolation is performed using the grid points for 
the cell so located, high color fidelity for the 
reverse model look-up table is obtained with good 
continuity and color gradient smoothness. 

This brief summary has been provided so 
that the nature of the invention may be understood 
quickly. A more complete understanding of the 
invention can be obtained by reference to the 
following detailed description of the preferred 
embodiment thereof in connection with the attached 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a representational view of a 
computer system in which the present invention may 
be utilized. 

Figure 2 is a detailed block diagram 
showing the internal architecture of the computer 
system shown in Figure 1. 

Figure 3 is a representational view of 
color transformations that can occur when printing 
images using the computer system shown in Figure 1. 

Figure 4 is a representational view for 
explaining derivation of a reverse model look-up 
table from a forward model look-up table according 
to the invention. 

Figure 5 is a flowchart for explaining 
derivation of a reverse model look-up table from a 
forward model look-up table according to the 
invention. 
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Figures 6A and 6B are representational 
views for explaining a binary search of a forward 
model look-up table according to the invention. 

Figure 7 is a flowchart for explaining a 
5 binary search of a forward model look-up table 

according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figure 1 is a representational view of a 

10 computer system in which the present invention may 

be utilized. Computer system l'may be a Macintosh, 
PC-compatible, or other type of computer having an 
operating system such as Microsoft® Windows®. 
Provided with computer system 1 are display 2 which 

15 may be a color monitor, keyboard 4 for entering user 

commands, and pointing device 5, such as a mouse, 
for pointing to and for manipulating graphical user 
interfaces and other objects displayed on display 2. 
Computer system 1 also includes a mass 

2 0 storage device such as fixed disk 6 for storing 

computer-executable process steps for image 
processing applications, process steps for 
generating a forward model look-up table, process 
steps for determining a reverse model look-up table 

2 5 according to the invention, and other application 

programs and data. Such storage may also be 
provided by other storage media such as CD-ROM 
(not shown) . 

Printer 7 is provided for outputting images 

3 0 such as images from image processing applications, 

scanned-in images and the like. Printer 7 
preferably is a color printer which prints images 
using a combination of differently-colored inks, 
such as cyan, magenta and yellow inks. Printer 7 
3 5 optionally uses black ink in addition to these 

differently-colored inks. 



Scanner 11 is an image acquisition device 
that preferably also is included with computer 
system 1. Scanner 11 may be used to scan documents 
for output by printer 7 or to scan documents for 
processing by image processing applications 
executing within computer system 1. Of course, 
images may be input into computer system 1 using 
other image acquisition devices, such as a film 
adapter unit for scanner 11, a digital camera or the 
like. Images also may be input into computer system 
1 from ^ variety of other sources, such as from a 
network through an unshown network interface. 

It should be understood that although a 
programmable general -purpose computer is shown in 
Figure 1, a dedicated computer terminal or other 
type of data processing equipment can embody the 
present invention. 

Figure 2 is a detailed block diagram 
showing the internal .architecture of computer 
system 1. As shown in Figure 2, computer system 1 
includes central processing unit (CPU) 13, which 
interfaces with computer bus 14. Also interfacing 
with computer bus 14 are scanner interface 15, 
printer interface 16, display interface 20, main 
random access memory (RAM) 21, fixed disk 6, 
keyboard interface 22, and mouse interface 24. 

Main memory 21 interfaces with computer 
bus 14 so as to provide RAM storage to CPU 13 during 
execution of software applications. More 
specifically, CPU 13 loads process steps from a 
storage medium such as fixed disk 6 into main memory 
21. CPU 13 then executes the stored process steps 
from main memory 21 in order to execute the 
applications. Data such as image files 32, forward 
model look-up table 34, reverse model look-up table 
36, and the like can be stored in main memory 21, 
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where the data can be accessed by CPU 13 during 
execution of the process steps. 

As also shown in Figure 2, fixed disk 6 
typically contains operating system 30, device 
5 drivers 31, image files 32, and image processing 

applications 33. Also stored on fixed disk 6 are 
process steps for an application 3 5 to generate a 
forward model look-up table, and process steps for 
an application 3 7 to determine a reverse model 

10 look-up table. It should be noted that device 

drivers 31 can form part of operating system 30, and 
that forward model look-up table 34 and reverse 
model look-up table 3 6 can be embedded in a printer 
driver included in device drivers 31. Forward model 

15 look-up table generation application 35 and reverse 

model look-up table determination application 3 7 can 
be combined into a single application program. The 
look-up tables and the look-up table application 
programs are explained in more detail below. 

2 0 Images provided to computer system 1 by 

scanner 11 through scanner interface 15 can be 
manipulated with image processing applications 33 
running on computer system 1. The images then can 
be output to printer 7 from the image processing 

25 applications through a printer driver. 

Alternatively, the images can be output from scanner 
11 to printer 7 through a printer driver, without 
being processed by image processing applications 33. 
Images output by image processing 

30 applications 33 and scanner 11 typically are defined 

in a color space corresponding to display 2 or 
scanner 11, for example RGB color space. However, 
printer 7 typically generates printed output based 
on images defined in terms of the differently- 

3 5 colored inks used by printer 7. Thus, the images 

output to printer 7 should be defined in a device 
dependent color space corresponding to printer 7, 



for example CMY color space or CMYK color space. 
Thus, the printer driver must transform images from 
image processing applications 33 or scanner 11 from 
a device dependent color space for a display or a 
scanner to a device dependent color space for a 
printer. 

Figure 3 is a representational view for 
illustrating such a transformation. Typically, an 
image in device dependent color space 4 0 
corresponding to a display or a scanner is first 
transformed into device independent color space 41 
such as CIELAB or CIEXYZ color space. This first 
transformation allows for compensation and 
calibration of device dependent characteristics, 
such as phosphor spectral characteristics of a 
display or spectral sensitivity characteristics of a 
scanner. The image in device independent color 
space 41 is then transformed into device dependent 
color space 42 corresponding to printer 7, such as 
CMY or CMYK color space. This second transformation 
allows for compensation of printer characteristics. 

The foregoing transformations preferably 
are implemented using look-up tables. 
Conventionally, these look-up tables are derived 
once at the factory, based on empirical measurements 
of input colors. For example, the reverse model 
look-up table for transforming an image in device 
independent color space to device dependent color 
space can be derived from empirical measurements of 
a wide variety of color patches printed at fixed 
colorant values in the device dependent color space 
(i.e., the forward model). A one-time derivation of 
the reverse model look-up table, however, does not 
allow for compensation based on effects such as 
printer aging, selection of different inks with 
different spectral characteristics, selection of 
different print media, and other effects which 
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change printout characteristics. The present 
invention addresses this need by providing a system 
for rapid re -derivation of the reverse model look-up 
table that transforms from a device independent 
5 color space to a device dependent color space based 

on empirical measurements in a device independent 
color space of predetermined device dependent color 
patches. 

According to the present invention, the 
10 forward model look-up table is preferably formed by 

forward model look-up generator 35, which prints a. 
wide variety of color patches using printer 7, and 
then scans and converts the resulting color patch 
values. Preferably, all possible combination of 9 
15 equally- spaced values for each of cyan, magenta and 

yellow are printed, yielding 9x9x9=729 color 
patches. It is also possible to include 9 equally- 
spaced values for black, which would yield 
9x9x9x9=6561 color patches. The color patches are 
2 0 then scanned by scanner 11, yielding a color patch 

value for each color patch. Usually, the color 
patch values will be scanned in the scanner's device 
dependent color space, such as RGB. Accordingly, 
forward model look-up generator 3 5 converts these 

2 5 device dependent color values from scanner space to 

a device independent space (such as CIELAB or 
CIEXYZ) using known scanning characteristics of 
scanner 11. Then, forward model look-up table 
generation application 35 builds the forward model 

3 0 look-up table, by inserting at each device dependent 

(CMY or CMYK) grid point the corresponding color 
value (in device independent space) of the color 
patch actually printed for the grid point. The 
present invention uses this forward model look-up 
3 5 table to derive a reverse model look-up table such 

as reverse model look-up table 36. This derivation 
is preferably performed by reverse model look-up 



table determination application 37, although the 
derivation can be performed by a printer driver or 
some other application program. 

Figure 4 is a representational view for 
explaining derivation according to the invention of 
a reverse model look-up table from a forward model 
look-up table, and Figure 5 is a flow diagram 
showing stored process steps by which the reverse 
model is derived from the forward model. Briefly, 
according to the invention, a reverse model look-up 
table is derived based on a forward model look-up 
table. The entries in the reverse model look-up 
table represent device dependent colors as a 
function of device independent colors. The entries 
in the forward model look-up table represent device 
independent colors as a function of printout of 
corresponding device dependent color components. 
Both the forward model look-up table and the reverse 
model look-up table comprise a grid of cells in 
their respective color spaces with entries at each 
grid point of the grid. The derivation method 
according to the invention comprises the following 
steps to determine an entry in the reverse model 
look-up table for a device independent target color. 
First, a binary search of the forward model look-up 
table is performed to locate a cell that contains 
the device independent target color. Second, 
entries from the forward model look-up table at grid 
points that define the cell are interpolated so as 
to obtain a device dependent color corresponding to 
the device independent target color. Third, the 
device dependent color is stored at the grid point 
of the reverse model look-up table for the device 
independent target color. 

In order to simplify the following 
explanation of the derivation method according to 
the invention, the method is initially explained 
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with respect to two-dimensional color spaces. In 
other words, the derivation method is initially 
explained for colors that are each defined with two 
color values. Thereafter, expansion of the method 
5 according to the invention to higher-order color 

spaces (e.g., three-dimensional color spaces) is 
explained. 

In Figure 4 , device dependent color 
space 6 0 is depicted with axes for two device 

10 dependent color values, namely C and M. Likewise, 

device independent color space 61 is depicted with 
axes for two device independent color values, namely 
U and V. Forward model look-up table 35 maps each 
grid point (represented by intersections of dotted 

15 lines) in device dependent color space 60 to a value 

in device independent color space 61. Likewise, 
reverse model look-up table 3 6 maps each grid point 
in device independent color space 61 to a value in 
device dependent color space 60. Each cell in one 

2 0 of the look-up tables is defined by the corner grid 

points for that cell. 

In both of these models, a color defined by 
a grid point in one of the color spaces does not 
necessarily map to a color defined by a grid point 

2 5 in the other color space. Likewise, lines 

representing constant color value in one color space 
typically map to curves in the other color space. 
For example, as shown in Figure 4, the lines 
representing constant color values of C=C 0 and M=M 0 

3 0 in device dependent color space 60 are mapped by the 

forward model into curves in device independent 
color space 61. As also shown in Figure 4, the 
color represented by the grid point (C 0 , 1%) in 
device dependent color space 6 0 does not map to a 
3 5 grid point at (U 0 , V 0 ) in device independent color 

space 61. 
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According to the invention, forward 
model look-up table 35 is a look-up table obtained 
through empirical measurements. Thus, for any given 
grid point in device dependent color space 60, 
forward model look-up table 3 5 contains a color 
defined by a U color value and a V color value. 
However, what is needed for generating a printout is 
reverse model look-up table 3 6 which maps grid 
points in device independent color space 61 to 
colors defined in device dependent color space 60. 

In order to derive reverse model look-up 
table 36, device dependent color values must be 
entered for each grid point in device independent 
color space 61. The derivation of these grid point 
values according to the invention, for a target 
color defined by a grid point (U t , V t ) in device 
independent color space 61, is now explained. 

Figure 5 is a flowchart for explaining this 
derivation of device dependent color values. First, 
in step S501, a target color in device independent 
color space 61 is identified, for example (U t , V t ) . 
The target color lies exactly on a grid point in 
device independent color space 61. Then, in step 
S502, a binary search of forward model look-up 
table 35 is performed so as to locate a cell that 
contains the device independent target color. As 
discussed above, each cell in forward model look-up 
table 35 corresponds to one of the grid cells in 
device dependent color space 60. Thus, for example, 
if the binary search indicates that the device 
dependent color corresponding to the target device 
independent color is P t , then the cell located by the 
binary search is defined by the grid points P a , P b , P c 
and P d in device dependent color space 60. Note that 
it is not necessary to identify the exact position 
of point P t ; rather, all that is ordinarily needed is 
the identity of the cell in which it lies, together 
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with the grid points that define the cell. The 
preferred embodiment of the binary search so as to 
identify the cell is explained in more detail below 
with reference to Figures 6A, 6B and 7 . 
5 Once the cell that contains the target 

color has been located, flow proceeds to step S503. 
In step S5 03, the device dependent color values for 
the grid points are interpolated so as to obtain a 
device dependent color (i.e., C and M color values) 

10 corresponding to the device independent target color 

(i.e., target U and V color values) . After 
interpolation, the device dependent color values are 
stored in the reverse model (step S504) . The device 
dependent color values are stored at the grid point 

15 of reverse model look-up table 3 6 that corresponds 

to the device independent target color (U t , V t ) . 

The foregoing operation is repeated for 
each of the grid points in device independent color 
space 61, thereby determining all of the entries for 

2 0 reverse model look-up table 36. 

In the preferred embodiment, device 
dependent color space 60 and device independent 
color space 61 are three-dimensional. For example, 
device dependent color space 60 is a CMY color 
25 space, and device independent color space 61 is a 

CIELAB or a CIEXYZ color space. In this case, the 
foregoing determination of a reverse model proceeds 
exactly as above, except that each cell is defined 
by eight grid points in device dependent color 

3 0 space 60, and interpolation preferably is 

tetrahedral interpolation . 

The device dependent color space can be 
expanded to four dimensions by performing black 
generation and/or undercolor removal on the CMY 
35 colors so as to obtain a black (K) color value. In 

such a case, the binary search is still performed in 
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CMY color space, before the black generation and/or 
undercolor removal . 

Figures 6A and 6B are representational 
views for explaining a binary search of forward 
5 model look-up table 3 5 according to the invention. 

Briefly, according to the invention, the binary 
search is performed through iterated steps starting 
from a starting color value in device dependent 
color space. First, the device independent color 

10 space is divided into multiple regions defined by 

device independent colors corresponding to small 
variations from the starting color in device 
dependent color space. Second, the region that 
contains the device independent target color is 

15 identified. Third, the starting color value in 

device dependent color space is updated based on 
which region contains the device independent target 
color. These steps are iterated until the iterated 
value of the starting color value converges into a 

20 single cell. 

Shown in Figure 6A is device independent 
color space 61, which includes point P 0 that 
corresponds to grid point (C 0 , M 0 ) in device 
dependent color space 60, and thus is an entry in 

25 forward model look-up table 35. Grid point (C 0 , M 0 ) 

is a guess for a starting color value for a device 
dependent color used in the binary search. As 
explained below, the initial value for the starting 
color value can be the midpoint of device dependent 

3 0 color space. 

The points P 0 --, P 0 +-, P 0 -+ and P 0 ++ are 
points in device independent color space 61 that 
correspond to grid points removed from grid point 
(C 0 , Mq) by a small distance A in device dependent 

3 5 color space 60. In the preferred embodiment, A 

corresponds to the distance between grid points in 
device dependent color space 60. In particular, 



these points are determined by applying forward 
model look-up table 3 5 to the following grid points 
in device dependent color space 60: 

5 (C 0 +A, Mo+A) for P 0 ++, 

(C 0 -A, Mo+A) for P 0 - + , 

(C 0 +A, M 0 -A) for P 0 +-, and 

(C 0 -A, Mq-A) for P 0 --. 

10 Also shown in Figure 6A is target color (U t , V t ) in 

device independent color space 61, and vector V from 
P 0 to target color (U t/ v t ) . The object is to derive 
C and M values that correspond to target color (U t/ 
V t ) , and to store those values in the reverse model 

15 look-up table at grid point (U t/ V t ) . As previously 

explained, the C and M values are derived by a 
binary search of the forward model look-up table 
(which is the present topic of explanation) to 
determine the cell in which the target color lies, 

2 0 followed by interpolation of the grid points that 

define the cell. 

Lines Lj, L 2 , L 3 and L 4 in Figure 6A connect 
P 0 with each of P 0 ++, P 0 - + , P 0 +- and P 0 --. In 
particular, line L t connects points P 0 and P 0 ++; line 
25 L 2 connects points P 0 and P 0 - + ; line L 3 connects 

points P 0 and P 0 +~; and line L 4 connects points P 0 and 
P 0 --. Each of these lines has a normal vector N 
associated therewith. N x is associated with line L X/ 
N 2 with L 2/ N 3 with L 3 , and N 4 with L 4 . 

3 0 As shown in Figure 6A, lines L 1# L 2 , L 3 and 

L 4 divide device independent color space 61 into four 
regions R u R 2 , R 3 and R 4 . The device independent 
target color (U t/ V t ) and vector V lie within one of 
these four regions. The identity of the region in 
3 5 which the target color lies provides information 

about the device dependent color that maps to the 
target color. In particular, each of these regions 



in device independent color space 61 is 
characterized by a condition for device dependent 
colors that map to that region. These conditions 
are as follows : 

Colors that map to region Rj have C>C 0 . 

Colors that map to region R 2 have M<M 0 . 

Colors that map to region R 3 have M>M 0 . 

Colors that map to region R 4 have C^C 0 . 

Figure 6B shows point P x which corresponds 
to a different grid point in device dependent color 
space 60 , namely (C l7 H x ) . Pj is determined from 
(C l7 Mi) by using forward model look-up table 35. 
Arrayed about point Pj are points Pi++, Pi-*, Pj+- and 
These points also are determined using forward 
model look-up table 35, from grid points in device 
dependent color space 6 0 arrayed about point P x in a 
similar fashion as the points arrayed about point P 0 
in Figure 6A. 

Figure 7 is a flowchart for explaining how 
the foregoing points, lines and regions of device 
independent color space 61 are used to perform a 
binary search according to the invention. In step 
S701, a guess is made as to a starting value for a 
device dependent color corresponding to the device 
independent target color with color values (U t/ v t ) . 
Assuming that the color values in device dependent 
color space 60 range from 0 to 1, the initial guess 
is selected as (C 0/ M 0 ) = (.5, .5). The upper and 
lower bounds of the portion of the device dependent 
color space under consideration are also determined. 
In this case, the bounds are initially 0<C^1 and 
0<M<1 . 

In step S702, device independent color 
space 61 is divided into regions based on the 
starting color value and small variations from the 
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starting color value. In particular, points P 0 ++, 
P 0 - + , P 0 +- and P 0 -- in device independent color 
space 61 are determined as described above with 
reference to Figure 6A. Then, lines L 1# L 2 , L 3 and L 4 
are determined from these points, and device 
independent color space 61 is divided into regions 
Rj, R 2 , R 3 , and R 4 using these lines. 

Next, in step S703, the region of device 
independent color space 61 in which the target color 
(U t , V t ) resides is determined. This determination 
preferably is made by taking the dot product of 
vector V with the normal vectors N x , N 2 , N 3 and N 4 
corresponding to lines L u L 2 , L 3 and L 4 , 
respectively. A positive dot product indicates that 
vector V is on the same side of a line as the normal 
vector for that line, and a negative dot product 
indicates that vector V is on the opposite side of 
the line. Thus, depending on the signs of the dot 
products, the region in which vector V lies can be 
determined. 

For example, if the normal vectors are 
determined using the conventional right-hand rule, 
then the normal vectors extend in the directions of 
vectors N l7 N 2 , N 3 and N 4 shown in Figure 6A. In this 
case, the following rules can be used to determine 
the region in which vector V lies: 

If Nj-V is positive and N 2 -V is negative, 

then V lies in region Rj. 
If N 2 -V is positive and N 4 -V is negative, 

then V lies in region R 2 . 
If N 3 *V is positive and Nj • V is negative, 

then V lies in region R 3 . 
If N 4 -V is positive and N 3 -V is negative, 

then V lies in region R 4 . 



In the example shown in Figure 6A, V lies 
in region R 3 . Because V lies in region R 3 , it is 
known that the M value in device dependent color 
space 6 0 corresponding to (U t/ V t ) is greater than or 
equal to Mq. Accordingly, in step S704, the starting 
value for the color in device dependent color space 
60 is updated to lie between the current starting 
value and the upper bound for M color values under 
consideration. In addition, the lower bound for M 
color values under consideration is updated to be 
equal to M 0 . For example, using the numerical 
example above wherein C 0 = . 5 and M 0 =.5, the updated 
starting value for M is .75, and the new bounds for 
M are . 5<M<1. 

In a similar fashion, if it is determined 
that vector V resided in region R 2/ then it is known 
that the M for point (U t , V t ) is less than M 0 . 
Accordingly, the starting value for M is updated to 
lie midway between the lower bound for M and the 
current starting value for M, and the upper bound 
for M is updated to be equal to Mo. Likewise, if V 
resides in R x or R 4 , the starting value for C and the 
bounds for C are updated accordingly. 

In step S705, it is determined if the 
updated starting value for a device dependent color 
corresponding to (U t , V t ) has converged into a single 
cell in device dependent color space corresponding 
to (U t , V t ) . In particular, it is determined if the 
cell which contains the updated starting value is 
the same as the cell which contains the previous 
starting value. Alternatively, the updated starting 
value can be mapped to a point in the device 
independent color space using the forward model. 
Then, it can be determined if the mapped point is 
sufficiently close (i.e., within a predetermined 
limit) to (U t , V t ) for the given circumstances. 
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In the example illustrated in Figure 6B, 
the starting value has been updated to (C lf M x ) , 
which maps to point Pj in independent color space 61. 
If (C 1# M t ) does not lie in the same cell as (C 0 , M 0 ) 
5 in device dependent color space 60, or alternatively 

if P 2 is not sufficiently close to target color (U t/ 
V t ) , then flow returns to step S702 and device 
independent color space 61 is again divided. The 
division of device independent color space 61 about 

10 point P x is illustrated in Figure 6B. The region 

containing the vector from P x to (U t/ V t ) is 
determined, and the starting value and bounds for C 
and M are again updated. The updated values are 
checked to see if the new starting value is close 

15 enough to the target color, in which case the new 

starting value is provided as the result of the 
binary search. Otherwise, the steps are repeated. 

In the case that device dependent color 
space 6 0 and device independent color space 61 are 

2 0 three-dimensional, the device independent color 

space is divided into six regions using twelve 
planes. Each plane is defined by two lines, and 
each line is defined by a point mapped from a 
starting value in device dependent color space, such 
25 as P x mapped from (C x , M x , Y x ) , to points mapped from 

points close to the starting value. For P x mapped 
from (C x , M x , Y x ) , the points used to define the lines 
are as follows: 

3 0 (C x +A, M x +A, Y x +A) for P x +++, 

(C x +A, M x +A, Y x -A) for P x ++-, 

(C x +A, M x -A, Y x +A) for P x +- + , 

(C x +A, M x -A, Y x -A) for P x +--, 

(C x -A, M x +A, Y x +A) for P x - + +, 

3 5 (C x -A, M x +A, Y x -A) for P x - + -, 

(C x -A, M x -A, Y x +A) for P x -- + , and 

(C x -A, M x -A, Y x -A) for P x ---. 
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Each of the twelve planes is defined using two lines 
between point P x and two of the these points, as 
follows : 



5 PL1 is defined using P x and P x --+. 

PL2 is defined using P x and P x - + -. 

PL3 is defined using P x and P x +--. 

PL4 is defined using P x -- + and P x -++. 

PL5 is defined using P x --+ and P x +-+. 
10 PL6 is defined using P x - + - and P x -++. 

PL7 is defined using P x - + - and P x ++-. 

PL8 is defined using P x +-- and P x +-+. 

PL 9 is defined using P x +-- and P x ++-. 

PL10 is defined using P x ++- and P x +++. 
15 PLll is defined using P x +-+ and P x +++. 

PL12 is defined using P x -++ and P x + + +. 

The normal plane vectors for each of the planes is 

defined in accordance with conventional mathematical 
20 practices. In particular, the cross product of the 

two lines defining each plane results in the normal 

plane vector for that plane. 

Using these twelve planes, the six regions 

that divide the device independent color space about 
25 P x are defined as follows: 



Rl is bounded by PL8 , 
R2 is bounded by PL1, 
R3 is bounded by PL6, 
R4 is bounded by PL1, 
R5 is bounded by PL4, 
R6 is bounded by PL2, 



PL9 , PL10 and PLll. 

PL2, PL4 and PL6 . 

PL7, PL10 and PL12 . 

PL3, PL5 and PL8 . 

PL5, PLll and PL12 . 

PL3, PL7 and PL9 . 
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The conditions for colors in device dependent color 
space that map to each of these regions in device 
independent color space are as follows: 



Colors that map to region Rl have C^C X . 

Colors that map to region R2 have C<;C X . 

Colors that map to region R3 have M>M X . 

Colors that map to region R4 have M<M X . 

5 Colors that map to region R5 have Y>Y X . 

Colors that map to region R6 have Y<Y X . 

Using the foregoing region and normal plane 
vector definitions and conditions, the binary search 

10 in three dimensions proceeds in the same manner as 

in the two dimensional case. 

It should be noted that while the present 
invention is described herein with respect to 
deriving a reverse model look-up table for 

15 transforming colors in a device independent color 

space to a device dependent color space for a 
printer, the invention is equally applicable to 
other transformations. In particular, the invention 
is applicable in any situation wherein a model 

2 0 (possibly based on a set of empirical measurements) 

exists for a forward model transformation from a 
first color space to a second color space, and a 
look up table for a reverse model that is the 
inverse of the forward model transformation is 

2 5 needed. 

The invention has been described with 
respect to a particular illustrative embodiment. It 
is to be understood that the invention is not 
limited to the above described embodiment and that 

3 0 various changes and modifications may be made by 

those of ordinary skill in the art without departing 
from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 



1 . A method for deriving a reverse model 
look-up table whose entries represent device 
5 dependent colors as a function of device independent 

colors, based on a forward model look-up table whose 
entries represent device independent colors obtained 
in response to printout of corresponding device 
dependent color components, wherein the forward 

10 model and the reverse model look-up tables both 

comprise a grid of cells in their respective color 
spaces with entries at each grid point of the grid, 
the method comprising the following steps to 
determine an entry in the reverse model look-up 

15 table for a device independent target color: 

performing a binary search of the forward 
model look-up table to locate a cell that contains 
the device independent target colors- 
interpolating entries from the forward 

2 0 model look-up table at grid points that define the 

cell so as to obtain device dependent colors 
corresponding to the device independent target 
color; and 

storing the device dependent color at the 
25 grid point of the reverse model look-up table for 

the device independent target color. 



2. A method according to Claim 1, wherein 
said interpolating step comprises tetrahedral 
3 0 interpolation. 



3. A method according to Claim 1, wherein 
said step of performing a binary search comprises 
iterated steps starting from a starting color value 
3 5 in device dependent color space, the iterated steps 

comprising : 
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dividing the device independent color space 
into multiple regions defined by device independent 
colors corresponding to small variations from the 
starting color in device dependent color space; 
5 determining which of the multiple regions 

contains the device independent target color; and 

updating the starting color value based on 
which region contains the device independent target 
color. 

10 

4 . A method according to Claim 3 , wherein 
said step of determining which of the multiple 
regions contains the device independent target color 
comprises the steps of obtaining dot products for 

15 each normal plane vector that defines the multiple 

regions with the vector that defines the difference 
between the target color and the device independent 
color corresponding to the starting color, and 
determining which region contains the device 

2 0 independent target color in accordance with which of 

the dot products yields positive values and which 
yields negative values. 



5. A method according to Claim 1, wherein 

2 5 the device independent color space is CIEXYZ or 

CIELAB color space, and wherein the device dependent 
color space is CMY or CMYK color space. 

6. A method according to Claim 1, wherein 

3 0 the forward model look-up table is derived by 

printing color patches corresponding to predefined 
colors in device dependent color space, and 
measuring the colors of the patches in device 
independent color space . 
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7. A method according to Claim 1, wherein 
the predefined colors are in CMY or CMYK space, and 
the colors are measured in CIEXYZ or CIELAB space. 

8 . An apparatus for deriving a reverse 
model look-up table whose entries represent device 
dependent colors as a function of device independent 
colors, based on a forward model look-up table whose 
entries represent device independent colors obtained 
in response to printout of corresponding device 
dependent color components, wherein the forward 
model and the reverse model look-up tables both 
comprise a grid of cells in their respective color 
spaces with entries at each grid point of the grid, 
the apparatus comprising the following means to 
determine an entry in the reverse model look-up 
table for a device independent target color: 

search performing means for performing a 
binary search of the forward model look-up table to 
locate a cell that contains the device independent 
target color; 

interpolating means for interpolating 
entries from the forward model look-up table at grid 
points that define the cell so as to obtain device 
dependent colors corresponding to the device 
independent target color; and 

storing means for storing the device 
dependent color at the grid point of the reverse 
model look-up table for the device independent 
target color. 

9. An apparatus according to Claim 8, 
wherein said interpolating means comprises means for 
performing tetrahedral interpolation. 

10. An apparatus according to Claim 8, 
wherein said search performing means comprises means 



for performing iterated steps starting from a 
starting color value in device dependent color 
space, the iterated steps comprising: 

dividing the device independent color space 
into multiple regions defined by device independent 
colors corresponding to small variations from the 
starting color in device dependent color space; 

determining which of the multiple regions 
contains the device independent target color; and 

updating the starting color value based on 
which region contains the device independent target 
color. 

11. An apparatus according to Claim 10, 
wherein said determining means comprises means for 
obtaining dot products for each normal plane vector 
that defines the multiple regions with the vector 
that defines the difference between the target color 
and the device independent color corresponding to 
the starting color, and determining which region 
contains the device independent target color in 
accordance with which of the dot products yields 
positive values and which yields negative values. 

12. An apparatus according to Claim 8, 
wherein the device independent color space is CIEXYZ 
or C1ELAB color space, and wherein the device 
dependent color space is CMY or CMYK color space. 

13. An apparatus according to Claim 8, 
wherein the forward model look-up table is derived 
by printing color patches corresponding to 
predefined colors in device dependent color space, 
and measuring the colors of the patches in device 
independent color space. 



14. An apparatus according to Claim 8, 
wherein the predefined colors are in CMY or CMYK 
space, and the colors are measured in CIEXYZ or 
CIELAB space. 

15. Computer-executable process steps 
stored on a computer- readable medium, the computer 
executable process steps to derive a reverse model 
look-up table whose entries represent device 
dependent colors as a function of device independent 
colors, based on a forward model look-up table whose 
entries represent device independent colors obtained 
in response to printout of corresponding device 
dependent color components, wherein the forward 
model and the reverse model look-up tables both 
comprise a grid of cells in their respective color 
spaces with entries at each grid point of the grid, 
the computer-executable process steps comprising the 
following codes to determine an entry in the reverse 
model look-up table for a device independent target 
color: 

code to perform a binary search of the 
forward model look-up table to locate a cell that 
contains the device independent target color; 

code to interpolate entries from the 
forward model look-up table at grid points that 
define the cell so as to obtain device dependent 
colors corresponding to the device independent 
target color; and 

code to store the device dependent color at 
the grid point of the reverse model look-up table 
for the device independent target color. 

16. Computer-executable process steps 
according to Claim 15, wherein said code to 
interpolate comprises code to perform tetrahedral 
interpolation . 
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17. Computer- executable process steps 
according to Claim 15, wherein said code to perform 
a binary search comprises code to perform iterated 
steps starting from a starting color value in device 

5 dependent color space, the computer- executable 

process steps comprising: 

code to divide the device independent color 
space into multiple regions defined by device 
independent colors corresponding to small variations 
10 from the starting color in device dependent color 

space; 

code to determine which of the multiple 
regions contains the device independent target 
color; and 

!5 code to update the starting color value 

based on which region contains the device 
independent target color. 

18. Computer-executable process steps 

2 0 according to Claim 17, wherein said code to 

determine comprises code to obtain dot products for 
each normal plane vector that defines the multiple 
regions with the vector that defines the difference 
between the target color and the device independent 
25 color corresponding to the starting color, and code 

to determine which region contains the device 
independent target color in accordance with which of 
the dot products yields positive values and which 
yields negative values. 

30 

19. Computer-executable process steps 
according to Claim 15, wherein the device 
independent color space is CIEXYZ or CIELAB color 
space, and wherein the device dependent color space 

3 5 is CMY or CMYK color space. 
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20. Computer-executable process steps 
according to Claim 15, wherein the forward model 
look-up table is derived by codes to print color 
patches corresponding to predefined colors in device 

5 dependent color space, and to measure the colors of 

the patches in device independent color space. 

21. Computer-executable process steps 
according to Claim 15, wherein the predefined colors 

10 are in CMY or CMYK space, and the colors are 

measured in CIEXYZ or CIELAB space. 

22. A computer- readable medium which 
stores computer-executable process steps, the 

15 computer-executable process steps to derive a 

reverse model look-up table whose entries represent 
device dependent colors as a function of device 
independent colors, based on a forward model look-up 
table whose entries represent device independent 

2 0 colors obtained in response to printout of 

corresponding device dependent color components, 
wherein the forward model and the reverse model 
look-up tables both comprise a grid of cells in 
their respective color spaces with entries at each 
25 grid point of the grid, the computer-executable 

process steps comprising the following steps to 
determine an entry in the reverse model look-up 
table for a device independent target color: 

a search performing step to perform a 

3 0 binary search of the forward model look-up table to 

locate a cell that contains the device independent 
target color; 

an interpolating step to interpolate 
entries from the forward model look-up table at grid 
35 points that define the cell so as to obtain device 

dependent colors corresponding to the device 
independent target color; and 



- 30 - 



a storing step to store the device 
dependent color at the grid point of the reverse 
model look-up table for the device independent 
target color. 

5 

23. A computer- readable medium according 
to Claim 22 , wherein said interpolating step 
comprises tetrahedral interpolation . 

10 24 . A computer- readable medium according 

to Claim 22, wherein said search performing step 
comprises iterated steps starting from a starting 
color value in device dependent color space, the 
computer-executable process steps comprising: 

15 a dividing step to divide the device 

independent color space into multiple regions 
defined by device independent colors corresponding 
to small variations from the starting color in 
device dependent color space; 

2 0 a determining step to determine which of 

the multiple regions contains the device independent 
target color; and 

an updating step to update the starting 
color value based on which region contains the 

2 5 device independent target color. 

25. A computer- readable medium according 
to Claim 24, wherein said determining step comprises 
steps to obtain dot products for each normal plane 

3 0 vector that defines the multiple regions with the 

vector that defines the difference between the 
target color and the device independent color 
corresponding to the starting color, and to 
determine which region contains the device 
35 independent target color in accordance with which of 

the dot products yields positive values and which 
yields negative values. 
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26. A computer- readable medium according 
to Claim 22 , wherein the device independent color 
space is CIEXYZ or CIELAB color space, and wherein 
the device dependent color space is CMY or CMYK 

5 color space . 

27. A computer- readable medium according 
to Claim 22, wherein the forward model look-up table 
is derived by steps to print color patches 

10 corresponding to predefined colors in device 

dependent color space, and to measure the colors of 
the patches in device independent color space. 

28. A computer-readable medium according 
15 to Claim 22, wherein the predefined colors are in 

CMY or CMYK space, and the colors are measured in 
CIEXYZ or CIELAB space. 

29. An apparatus for deriving a reverse 

2 0 model look-up table whose entries represent device 

dependent colors as a function of device independent 
colors, based on a forward model look-up table whose 
entries represent device independent colors obtained 
in response to printout of corresponding device 
25 dependent color components, wherein the forward 

model and the reverse model look-up tables both 
comprise a grid of cells in their respective color 
spaces with entries at each grid point of the grid, 
the apparatus comprising: 

3 0 a memory including a region for storing the 

forward model look-up table, a region for storing 
the reverse model look-up table, and a region for 
storing executable process steps; and 

a processor for executing the executable 
3 5 process steps ; 

wherein the executable process steps 
include the following steps to determine an entry in 



the reverse model look-up table for a device 
independent target color: (a) performing a binary 
search of the forward model look-up table to locate 
a cell that contains the device independent target 
color, (b) interpolating entries from the forward 
model look-up table at grid points that define the 
cell so as to obtain device dependent colors 
corresponding to the device independent target 
color, and (c) storing the device dependent color at 
the grid point of the reverse model look-up table 
for the device independent target color. 

30. An apparatus according to Claim 29, 
wherein said step of performing a binary search 
comprises iterated steps starting from a starting 
color value in device dependent color space, the 
iterated steps comprising: 

dividing the device independent color space 
into multiple regions defined by device independent 
colors corresponding to small variations from the 
starting color in device dependent color spacer- 
determining which of the multiple regions 
contains the device independent target color; and 

updating the starting color value based on 
which region contains the device independent target 
color. 
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ABSTRACT 

A method for deriving a reverse model 
look-up table whose entries represent device 
dependent colors as a function of device independent 
5 colors, based on a forward model look-up table whose 

entries represent device independent colors obtained 
in response to printout of corresponding device 
dependent colors . For each device independent 
target color, a binary search of the forward model 

10 look-up table is performed so as to locate a cell 

that contains the device independent target color. 
The grid points from the forward model look-up table 
that define the cell are interpolated so as to 
obtain device dependent colors corresponding to the 

15 device independent target color. The device 

dependent color is stored at the grid point for the 
reverse model look-up table at a position 
corresponding to the device independent target 
color. 

20 
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disclose information which is material to patentability as defined in 37 C.F.R. § 1.56 which became available 
between the filing date of the prior application and the national or PCT international filing date of this 
application. 

Status 

Application No. Filed (Dav/Mo./Yr.) (Patented. Pending, Abandoned) 
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I hereby appoint the practitioners associated with the firm and Customer Number provided 
below to prosecute this application and to transact all business in the Patent and Trademark Office connected 
therewith, and direct that all correspondence be addressed to the address associated with that Customer 
Number: 



FITZPATRICK, CELLA, HARPER & SCINTO 
Customer Number: 05514 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 



Full Name of Sole or First Inventor Manish Kulkarni 
Inventor's signature , *^ ^M ^ uV ,, ™ 



Date K)dV /H" * d^fS" Citizen/Subject of India 



Residence 655 So. Fair Oaks Ave., Apt. B-208 



Sunnyvale, CA 94 086 



Post Office Address c/o Canon Information Syst ems, Inc. 

110 Innovation Drive, Irvine, CA 92612 



Full Name of Second Joint Inventor, if any , 
Second Inventor's signature 



Date Citizen/Subject of . 

Residence 



Post Office Address 



Full Name of Third Joint Inventor, if any 

Third Inventor's signature 

Date „ Citizen/Subject of 

Residence . 



Post Office Address 



Full Name of Fourth Joint Inventor, if any 

Fourth Inventor's signature ____ 

Date . Citizen/Subject of 

Residence 



Post Office Address 
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